Introduction: Delirium is common in adult intensive care, with validated tools for measurement, known risk factors and adverse neurocognitive outcomes. We aimed to determine what is known about pediatric delirium in the pediatric intensive care unit (PICU).
Introduction
The American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), characterizes delirium, also known as acute brain dysfunction, as including four key features [1] . The definition includes (1) acute onset (usually hours to days) with a fluctuating course during the day, (2) a disturbance of consciousness, (3) change in cognition and (4) evidence of a causative medical condition, substance intoxication or medication side effect determined from the history, physical examination or laboratory tests. Delirium is common in adult intensive care, and there are validated tools for measurement as well as known risk factors and associated adverse neurocognitive outcomes [2, 3] . A validated diagnostic method for delirium in the pediatric population has yet to become part of daily clinical practice. This is problematic, as the correct diagnosis of delirium in children enables early intervention to avoid the adverse effects of undiagnosed and untreated delirium. Moreover, the prevalence, risk factors, treatments and outcomes of pediatric delirium have not been determined. To study them, accurate, practicable screening tests are required.
To determine what is known about the diagnosis of delirium in the pediatric intensive care unit (PICU), we conducted a systematic review of the literature on the accuracy of diagnostic tests for delirium in children in the PICU. A secondary objective was to determine the risk factors for, outcomes of, and treatments for delirium in the PICU in the studies we identified for inclusion. We hypothesized that we would find validated and accurate diagnostic tests for delirium in the PICU. We identified only five accuracy studies, each of which had a high risk of bias and examined in isolation a different screening test for delirium. We make suggestions for future research needed in this field.
Materials and methods

Ethics review
We conducted a systematic review of diagnostic accuracy studies for delirium in the PICU. The University of Alberta Health Research Ethics Board waived the requirement for review because we used only publicly available information.
Review question
We sought to determine the accuracy of the screening index test to diagnose delirium in children in the PICU as compared to a reference test (a "gold standard" test used for diagnosing delirium). To determine which studies to include, we used the explicit eligibility criteria described below.
1. The study had to be an accuracy study of delirium in which an index test for delirium was compared to a reference standard test used to diagnose delirium in the PICU. This type of study was searched for using any of the following keywords: accuracy, sensitivity, specificity, likelihood ratio, inter-rater,intra-rater, reliability, agreement and inter-observer, intra-observer [4] . The topic of delirium was screened for using the term delirium, and using synonyms, including acute brain dysfunction, withdrawal, acute encephalopathy and septic encephalopathy [2, 3] . 2. The patients studied had to be children, defined as neonates to 18 years old, and for whom data had to be reported separately from adult patients in the study (if applicable). 3. The study had to have been done with patients during their stay in the PICU. 4. The publications had to describe research studies; commentaries, reviews and editorials were excluded. 5. The studies had to have been published between January 1980 and May 2013. We later extended the PubMed search to June 2014.
Abstracts and titles were screened for these criteria by the three authors independently. The full texts of the potentially relevant abstracts and titles then were screened for these criteria by the three authors independently.
The reference lists of the included publications were screened to identify additional publications for potential inclusion. The full texts of the additional publications thus identified were then reviewed, and, if potentially relevant, the decision whether to include them was made independently by the three authors. The final list of included publications was agreed upon by all authors.
Literature search
The search strategy is shown in Additional file 1. Comprehensive search strategies were developed by an information specialist using a combination of subject headings and keywords and adapted for six electronic bibliographic databases. Searches were conducted in the following electronic databases: MEDLINE (via Ovid, 1946 
Data collection
A data collection tool (available as Additional file 2) was created prior to the literature search, agreed upon by all three authors and included all elements suggested by the STARD statement (Statement for Reporting of Diagnostic Accuracy) [5] , the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool [6] , the Cochrane Diagnostic Test Accuracy Working Group statement on systematic reviews of diagnostic test accuracy [4] and the Guidelines for Reporting Reliability and Agreement Studies [7] . The information collected included study population descriptions, participant recruitment and data collection methods, reference standards, details of index tests, biases present, results (including accuracy and reliability measures and patient flow) and study quality (risk of bias and applicability). Two authors (AD, ARJ) completed the data collection tool independently, and discrepancies were resolved by discussion and consensus. Our data collection tool, shown in Additional file 2, gives the details of our assessment method and definitions.
To assess quality, we used the QUADAS-2 tool. This tool asks signaling questions in each of four risk of bias domains and three applicability domains. For example, to assess risk of bias under the patient selection domain, questions include "Was a consecutive or random sample of patients enrolled?" and "Did the study avoid inappropriate exclusions?" The index test domain questions include "Were the index test results interpreted without knowledge of the results of the reference standard?" and "If a threshold was used, was it pre-specified?" To assess applicability, under the patient selection domain, the question asked is "Are there concerns that the included patients do not match the review question?" Under the reference standard domain, the question asked is "Are there concerns that the target condition as defined by the reference standard does not match the review question?" The QUADAS-2 tool is shown in Additional file 2.
Statistics
We planned to determine the following for each index test.
1.
We assessed the accuracy of index tests by analyzing sensitivity, specificity, positive and negative predictive values and likelihood ratios. We also looked at the impact of inconclusive tests on the index test's accuracy [8] . 2. Reliability and agreement (interrater and intrarater) of index tests were used as indicators of the amount of measurement error inherent in the index test score. κ-statistics for reliability were described with CIs. κ-values of 0.6 to 0.8 were considered sufficient for group-level comparisons; however, for individual diagnoses and important decisions, the κ-value should be at least 0.9. 3. We assessed the risk factors for, prevalence of (based on the reference standard), treatment of and outcome of delirium reported in the identified diagnostic accuracy studies using the individual study definitions and statistical tests employed therein.
Additional statistical analyses were planned if adequate data were found. These analyses are described in Additional file 3.
Results
Literature review
In the literature search, we identified 145 titles and abstracts for review. The three authors independently reviewed these and collectively identified 30 potentially relevant publications. The full texts of these were screened for eligibility, and seven were identified for inclusion. Screening of the references in these seven studies led us to review another five full-text articles, among which two were identified for inclusion. Overall, nine reports were included once deemed to meet the predefined eligibility criteria. In these nine articles, data from five studies are reported. In each of these five studies, researchers examined the diagnostic accuracy of an individual index test for PICU delirium [9] [10] [11] [12] [13] [14] [15] [16] [17] .
Study descriptions
The methods used in the five studies are described in Table 1 [9] [10] [11] [12] 17] . In each study, researchers examined a unique index test, making direct comparisons of index tests and collection of summary statistics impossible (see Additional file 3 for analyses that were planned). All age groups were included, except for the Pediatric Confusion Assessment Method for the Intensive Care Unit (p-CAM-ICU [10] ; limited to patients developmentally age ≥5 years) and the Pediatric Anesthesia Emergence Delirium Scale (PAED [9, 16] ; studied in children ages 1 to 17 years). A proportion of eligible patients were excluded from analysis because of missing data in two of the studies (20% for p-CAM-ICU, 11% for the Cornell Assessment of Pediatric Delirium (CAP-D) [11] ). In the PAED study, many patients had missing data that were imputed (6% excluded had missing data, and another >16% had imputed missing data). Four studies were prospective, and one was retrospective (data from 20% of patients "reconstructed" retrospectively for PAED score). The methodological quality of each study according to QUADAS-2 criteria is shown in Table 2 . Each study had high risk of bias in at least one domain. Only the p-CAM-ICU raised a high level of concern regarding applicability (due to only 6% of patients being ventilated and children under a developmental age of 5 years being excluded). The specific biases present are detailed in Additional file 3.
Study descriptive results
The descriptive results of the included studies are shown in Table 3 . The admission diagnoses of patients in two of the studies may not have been representative of most PICUs: asthma was the admitting diagnosis for 12% of patients in the p-CAM-ICU study [10] , and oncology patients accounted for 26% of the sample in the CAP-D study [11] . In most of the studies, the researchers did not report patient comorbidities, risk factors for delirium, treatment of delirium or outcomes. Neurologic comorbidity was reported in only the CAP-D study [11] and the revised CAP-D study (CAP-D(R) [17] ), with developmental delays present in 12 patients (24%) and 22 patients (20%), respectively.
Statistical data for risk factors, outcomes and treatment of delirium were reported in only one study (clinical suspicion) [12] [13] [14] [15] . In that study, risk factors identified were high Pediatric Index of Mortality score (median 5.8 vs 1.6, P <0.001), high Pediatric Risk of Mortality score (PRISM II; median 11.3 vs 2.6, P <0.001), relatively older age (7.7 (SD 5.8) years vs 4.3 (SD 4.8) years, P <0.001), mechanical ventilation (34 (85%) vs 333 (39.8%), P <0.0005) and admission diagnosis more with a neurological disorder 16 patients (40%) vs 159 (19%), less with a respiratory disorder 12 (30%) vs 434 (52%); P =0.018) [13] . In follow-up of that study extending for another 14 months and limited to patients 1 to 18 years of age, the researchers reported on patients with delirium (n =49) compared to a random PICU control group (n =98). In the follow-up report, Clinical suspicion was defined as "confusion, agitation, moaning, discomfort, or behavioral disturbances with no acceptable medical explanation; or, failure of standard analgosedative treatment". admission diagnosis and PRISM II were no longer found to be risk factors [14] . Delirium was associated with a longer PICU stay (median 11 days vs 3 days, P <0.001) and higher mortality (5 (12.5%) vs 36 (4.3%), P =0.016) [13] . Again, the follow-up report of that study confirmed an independent association of delirium with a longer PICU stay (+2.39 days); however, the mortality difference was not confirmed (2.04% with delirium vs 6.12% without delirium) [14] . The treatment used for delirium was haloperidol or risperidone. Among the 27 patients given haloperidol, 2 (7%) of had acute dystonia as a side effect. The prevalence of delirium varied between studies from 5% to 28% and included hyperactive, hypoactive and mixed subtypes. The low prevalence of 5% was likely due to the study design, in which only patients suspected of having delirium by attending intensivists were referred for the gold standard test [12] .
Index test performance
The performance of each index test is shown in Table 4 . The PAED, CAP-D and CAP-D(R) had high sensitivity, and the PAED, CAP-D and p-CAM-ICU had high specificity; however, there is overlap of the 95% CIs of these point estimates. The sensitivity and specificity of the "clinical suspicion" study could not be calculated. The sensitivity and specificity for PAED and CAP-D may have been inflated because of the valid inconclusive results in the studies, with index test yield (that is, the percentage of patients who had the index test who were included in the sensitivity and specificity calculations) and effectiveness (index test correct classification/total index tests done) of about 90%. Valid inconclusive results are those where the index or reference test is neither clearly positive nor clearly negative (that is, an intermediate result, and the result is excluded from the study after enrollment). The CAP-D(R) sensitivity and specificity could not be calculated based on the number of patients, as only data on the number of total assessments (248 assessments in 111 patients) were provided, and whether 248 represented all the assessments was not stated. In addition, the PAED was assessed in the study of the CAP-D, with reported sensitivity of 50% (7 of 14) and specificity of 100% (36 of 36), indicating that the sensitivity may have been overestimated in the main (retrospective) PAED study [11] . Only the p-CAM-ICU and CAP-D(R) studies determined interrater reliability between two raters, using the κ-statistic, with results of 0.96 (95% CI 0.74 to 1.0) and 0.94 (no 95% CI provided), respectively, indicating excellent interrater reliability. No measure of index test agreement was assessed in any of the studies.
Discussion
Delirium in adult intensive care is common (incidence estimates range from 45% to 87%), and there are wellvalidated screening tools for diagnosis. It has known risk factors and is associated with increased intensive care and hospital lengths of stay, increased mortality, and long-term cognitive impairment [2, 3] . In our systematic review, we found only five studies of the diagnostic accuracy of tests for delirium in the PICU [9] [10] [11] [12] 17] . In these five studies, delirium was common, with a prevalence of 13% to 28% (excluding the study of "clinical suspicion," in which partial and differential verification bias limited sensitivity for delirium), including hyperactive, hypoactive and mixed subtypes. In general, the studies were small and single-centered and had methodological weaknesses and high risk of bias. In each study, researchers examined a different index test, and, other than the "clinical suspicion" index test study, the researchers did not examine risk factors, treatments or outcomes of delirium. The sensitivity and specificity of the PAED (retrospectively in patients ≥1 year of age), the CAP-D (prospectively in all age groups) and the p-CAM-ICU (prospectively in patients developmentally ages ≥5 years) were high; however, these data should be interpreted cautiously, given the study limitations, including high risk of A description of the QUADAS-2 criteria for risk of bias and applicability concerns [6] is given in the data collection tool (available as Additional file 2). A low risk of bias indicates better quality compared to high or unclear risk of bias. A low applicability concern indicates better quality compared to high or unclear applicability concern. Clinical suspicion [12] [13] [14] [15] Valid inconclusive results are those where the index or reference test is neither clearly positive nor clearly negative (that is, an intermediate result, and the result is excluded from the study after enrollment). Yield is the percentage of patients who had the index test who are included in the sensitivity and specificity calculations; Effectiveness is index test correct classification divided by total index tests done [8] . The PAED scores have a "<" sign because imputed values due to missing data were used for up to 16% of each item in the PAED score. The CAP-D(R) values have a "<" sign because whether all assessments were included in the study was not stated. c We did not consider this study sufficiently powered to evaluate the Delirium Rating Scale (DRS) 88 or the DRS-Revised, because there was too much missing data. The yields were 103/154 (67%) and 73/154 (47%), respectively, even before considering imputed values due to missing data used for >50% of some items in these scores. It is important to note that the performance of the PAED was not as good in the study by Silver et al. [11] : sensitivity =7/14 (50%) (95% CI 27% to 73%), specificity =36/36 (100%) (95% CI 92% to 100%), PPV =7/7 (100%) (95% CI 68% to 100%), NPV =36/43 (84%) (95% CI =70% to 92%), positive likelihood ratio =50, negative likelihood ratio =0.5. bias and small numbers, and, in addition, one group could not confirm high sensitivity for the PAED [11] . There were no direct comparisons of the index tests, except in one study in which both the CAP-D and PAED were compared. In that study, the CAP-D had much better accuracy. Interrater reliability was examined only for the p-CAM-ICU and CAP-D(R), and the reliability was excellent.
We are aware of two other systematic reviews of delirium in children, neither of which critically examined studies of the diagnostic accuracy of tests for delirium in the PICU. Neither of these two reviews referenced any studies that we did not include [18, 19] . In one, the authors searched for publications about pediatric delirium (not limited to the PICU) published between 1980 and 2009 and found only small case series and case reports. They concluded, "Delirium is an important but neglected disorder of childhood associated with significant morbidity and high mortality. Current clinical practice for management is based on slim empirical evidence" ( [18] , p 337). In the other systematic review, the authors focused on delirium in the PICU and searched the literature published between March 2009 and March 2011 (that is, following the first systematic review dates). In that review, the authors found only two observational studies, one of which examined p-CAM-ICU and was included in our present review [10] and one of which was the follow-up study to the "clinical suspicion" study included in our present review [14] . The authors of the latter review concluded that "there are still important, yet unresolved issues, regarding pathophysiology and biomarkers, risk factors, early detection, and appropriate treatment" ( [19] , p 1106). We are also aware of two narrative reviews of delirium in the PICU [20, 21] . Neither of those reviews references any study not included in our present review, nor is either of them focused on the diagnostic accuracy of delirium screening tools in the PICU.
The importance of delirium in adult intensive care is clear. Delirium is both common and commonly overlooked, and it has adverse consequences, including prolonged ventilation, increased hospital and ICU lengths of stay, increased health care costs, long-term cognitive impairment and physical disability. The duration of delirium is independently associated with mortality [2, 3, 22] . The main screening tools for adults include the CAM-ICU (pooled sensitivity 76% to 80%, pooled specificity 96%) and the Intensive Care Delirium Screening Checklist (ICDSC; pooled sensitivity 74% to 80%, pooled specificity 75% to 82%), which are used to assess delirium over the course of 1 minute (CAM-ICU) and 8 to 24 hours (ICDSC), respectively [3] . The CAM-ICU requires interaction with the patient, but the ICDSC does not (observation only) [3] .
Similarly, in our present review, we found that delirium in the PICU is common and that it likely has adverse consequences, including increased hospital and PICU lengths of stay and possibly increased mortality. The main screening tools either require (p-CAM-ICU) or do not require (PAED, CAP-D, CAP-D(R)) patient interaction. Both the p-CAM-ICU and the CAP-D(R) are quick screening tools (taking less than 2 minutes to complete) [17, 21] , have high sensitivity (78% and 94%, respectively) and high specificity (91% and 79%, respectively) and have excellent interrater reliability. However, methodological risk of bias and the limited number of single-center studies preclude making conclusions about their true performance characteristics. The weaknesses of the PAED include its low sensitivity for hypoactive delirium, variable sensitivity in the two studies (91% and 50%) [9, 11] and the major methodological biases of the favorable study (retrospective methodology and imputed data for >16% of patients).
There are limitations to this systematic review. The quality of information in systematic reviews is only as good as the included studies. The quality of our five included studies was only modest, with small patient numbers and high risk of bias. The studies are the first in the field and likely reflect the difficulty of performing costly, time-consuming clinical research in critical care. Nevertheless, the results of our systematic review suggest that investment in high-quality comparative and confirmatory studies are needed. The small studies we identified did not allow for examination of accuracy in different subgroups of patients based on age, diagnosis and so forth. The literature search methods for diagnostic accuracy studies are not well worked out. We followed recommendations in the literature, but it is possible that we missed important studies. We did not screen for descriptive studies of delirium in the PICU not focused on accuracy. Thus, It is possible that there are data about prevalence, risk factors, treatment and outcomes that we did not find in our literature search. The strengths of our study include its systematic search strategy, the use of published recommendations for assessing accuracy studies and their quality in systematic reviews, and the use of prespecified study screening and data collection tools employed independently by three and two authors, respectively (to minimize the risk of subjective bias in study selection and quality assessment). Our conclusions are therefore based on a transparent methodology using evidence-based guidelines for systematic assessment of the available literature.
Conclusions
High-quality research to determine the accuracy of delirium screening tools in the PICU are required before prevalence, risk factors, treatment and outcomes can be determined and before routine screening can be recommended. Nevertheless, use of a screening tool to detect delirium in the PICU should be a priority of future research, given the likely high prevalence and adverse consequences of the diagnosis. In particular, direct comparisons of the most promising tools, the p-CAM-ICU and CAP-D(R), should be performed. Future research should also be carried out to determine whether prevention and/ or treatment strategies for delirium can change the outcomes of PICU patients.
